Background
Conclusion
BV in WSW is associated with increased numbers of recent and past female partners and confirmed BV in a female partner. There are limited studies of BV in WSW populations, and research is needed to further elucidate risk factors for BV among WSW. However these data provide epidemiological evidence that BV risk in women is directly related to exposure to other female partners and a partner with BV, providing support for the concept that BV is likely to be transmitted between women.
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Background
Bacterial vaginosis (BV) is the most commonly identified cause of vaginitis in women of reproductive age. [1] BV has been linked to many sequelae including increased risk of pelvic inflammatory disease, [2] adverse obstetric outcomes, [3] [4] [5] [6] [7] HIV and STI acquisition [8] and HIV transmission. [9] BV recurrence after treatment is common and can negatively impact women's emotional, social and sexual wellbeing. [10] The majority of epidemiological studies of BV have been conducted in women who have sex with men (WSM) and have found consistent associations related to sexual risk exposure, including greater numbers of recent and lifetime male partners and inconsistent condom use. [11] Studies suggest that BV is highly prevalent in women who have sex with women (WSW), with estimates ranging from 25-50%, [12] [13] [14] [15] [16] In studies of WSW by our group and others, BV has been associated with several sexual activity risk factors, including increased number of female sexual partners [12, 17, 18] , a female sexual partner with BV symptoms [14, 19] , and receptive oral sex. [19, 20] Overall, the data on specific risk factors for BV in WSW are more limited than for WSM and no systematic review of risk factors of BV has been conducted.
We undertook a systematic review with the aim of establishing the risk factors associated with prevalent, incident, persistent or recurrent BV in WSW of any age by comparing women with BV to women without BV.
Methods
Protocol and registration
We used the PRISMA statement to guide this review (S1 Fig). [21] Methods for analysis, inclusion criteria and protocol were specified in advance and registered with PROSPERO, registration: CRD42014009536 (http://www.crd.york.ac.uk/PROSPERO/).
Eligibility criteria
We searched for peer-reviewed, English-language studies published to 31 st December, 2014 that investigated BV in populations that included WSW. No time frame delimiters were specified and both cross-sectional and longitudinal studies were eligible. Identified conference abstracts were reviewed. Letters to the editor, focus group reports, case reports, case series, and review, editorial and discussion articles were excluded but their reference lists were examined.
We assessed all studies that investigated factors associated with prevalent, incident, persistent or recurrent BV in WSW of any age by comparing women with BV to women without BV. Studies were eligible for inclusion providing 1 variable was investigated in WSW alone; only results specific to WSW were included. Studies that exclusively enrolled WSM, sex workers or pregnant women were ineligible for inclusion. An established diagnostic method for BV, such as Amsel, [22] Nugent,[23] Spiegel [24] or Hay-Ison [25] criteria, was required for inclusion in the review.
Information sources
Our search strategy was applied to the PUBMED, EMBASE, Web of Science and The Cochrane Library databases for studies published to 31 st December 2014.
Search
The following search terms were applied: ((bacterial vaginosis) OR (BV) OR (vaginosis, bacterial) OR (bacterial infections and vaginitis) OR (vaginosis) OR (gardnerella)) AND ((WSW) OR ("women who have sex with women") OR (lesbian) OR ("female homosexual") OR (homosexuality, female)) AND Language = (English).
Study selection
Abstracts of studies returned from the database searches were reviewed for eligibility and their citation lists searched for additional references. In cases of uncertainty regarding inclusion, the entire text was read. After removal of duplicates and ineligible results, full-text articles were reviewed.
Data collection
A data extraction spread-sheet was created based on the Cochrane Consumers and Communication Review Group's data extraction and assessment template and collated the data as described below.
Data items
The following information was extracted: 1) study methods, design and aim, 2) population (sample size, numbers of WSW, country, recruitment site), 3) participant characteristics (age, WSW definition), 4) BV diagnostic method, 5) statistical analyses and 6) factors assessed for BV association.
Risk of bias within individual studies
Assessment of bias was based on the STROBE guidelines for reporting observational epidemiological studies. [26] The parameters used were: 1) Selection bias: defined inclusion/ exclusion criteria, site/country of recruitment and recent female sexual contact; 2) Reporting bias: response rate for longitudinal studies; 3) Confounding: adjustment for confounding; and 4) for randomised controlled trials (RCT) and cohort studies: report of sample size calculations.
Results
Study selection
The literature search and assessment process is shown in S2 Fig. We identified 133 studies from initial searches of PUBMED (n = 44), The Cochrane Library (n = 7), EMBASE (n = 33) and Web of Science (n = 49). Additional records (n = 3) were identified from citation lists. Duplicate records (n = 65) were removed and 71 unique references were assessed, with 53 excluded on abstract review. The full texts of 18 articles were examined 14 of which were eligible for review. Four were excluded because they: did not provide the BV diagnostic method, reported factors associated with specific BV-associated bacteria but not with BV, did not stratify results by sexuality (WSW versus WSM) so it was not possible to extract results for WSW alone, or all women in the study had BV with no comparator group.
Study characteristics
Of 14 eligible studies, there were 10 cross-sectional studies, three cohort studies and one RCT. (Table 1 ) All the included studies had ethics approval or detailed informed consent of participants. The majority of studies were from the USA, [13, 15, 18, [27] [28] [29] [30] the UK [14, 16, 31] and Australia. [12, 19, 32] Six studies were drawn from one research group [15, 18, 20, 27, 29, 30] and two from another group. [12, 19] Seven studies recruited from the community, [14, 15, 18, 20, 27, 29, 30] four from STI clinics or health services [13, 16, 28, 31] and three recruited or used samples drawn from both. [12, 19, 32] Numbers of WSW participants ranged from 39 to 708. BV prevalence was investigated in 12 studies, two of which further investigated BV persistence rates; two studies investigated BV incidence. BV prevalence ranged from 12.4% to 51.6% in studies of WSW alone; one study that included symptomatic WSM and WSW had a BV prevalence of 56.2%. [32] In one study, 25.8% of BV persisted after treatment; [29] another investigated BV recurrence after a behavioural intervention, with rates of 21.1% in the control and 27.9% in the intervention groups. [30] Two longitudinal cohorts reported BV incident rates of 9.8 per 100 woman-years, [19] and another cohort diagnosed 40 BV episodes in 199 women, with a rate of 23 per 100 woman-years. [15] Results for factors assessed for association with BV are shown in Table 2 , Table 3 .
Demographics
None of the eight studies that investigated age found any association with prevalent [12, 15, 19, 20, 28, 29, 31] or incident [19] BV in WSW. Participant ethnicity was investigated in six studies, [15, 16, 18, 20, 29, 31] one investigated BV risk factors in African-American WSW alone. [28] Three studies reported country of birth, which was not associated with prevalent BV. [12, 19, 32] One study found a positive association between BV and Asian ethnicity; [31] no others found associations between ethnicity and BV.
associated with incident BV in WSW on univariate analysis in one study, but was not included in the multivariate analysis due to correlation with other variables. [19] There was no association between smoking and incident or prevalent BV in three studies from one group, [18, 20, 29] or two additional studies. [16, 28] Two studies did not stratify smoking according to sexual behaviour (WSW versus WSM) so the association could not be investigated for WSW. [14, 32] None of the eight studies that examined associations between vaginal douching and BV in WSW [12, 15, [18] [19] [20] 28, 29, 31] reported an association with BV, although douching was positively associated with 'abnormal' vaginal flora (NS 4-10) in one. [15] Two studies did not stratify douching according to sexual behaviour. [14, 32] 
Hormonal influences
Hormonal contraceptive use was relatively uncommon in WSW, ranging from 4-13% in the six studies that investigated its association with BV, [12, [18] [19] [20] 28, 29] and it was not found to be associated with BV. In one study, 41% of participants used hormonal contraception but this was not stratified by sexual behaviour [32] and in another study contraceptive use was investigated only in heterosexual women. [14] Results from four studies that investigated associations between BV and stage in the menstrual cycle were mixed. Two studies found no association; [12, 19] another group found that 14 days since menses onset was positively associated with incident BV, [20] but not with prevalent BV. [18] 
Sexual activities
Sexual risk factors for BV in WSW were evaluated in 11 studies. [12, [14] [15] [16] [18] [19] [20] [28] [29] [30] [31] Most significantly, five of the six studies that investigated numbers of recent or lifetime FSPs demonstrated a positive association between prevalent BV and increased numbers of lifetime FSPs. [12, [14] [15] [16] 28, 31] Higher numbers of recent female partners, including >1 FSP in the preceding 3 months, was also associated with prevalent [18] and incident [19] BV, though report of a new FSP within 12 months was not associated with an increased risk in one study. [12] Conversely, one study found that BV was less common in women who reported >1 lifetime FSP. [20] Increasing frequency of sex with any partner (though largely reflecting sex with a FSP) was significantly associated with BV [19] and a direct dose-dependent relationship was seen for BV and episodes of receptive oral-vaginal sex in one study. [20] No specific sexual practices with FSPs were consistently associated with BV. Receptive oral-vaginal sex was not associated with prevalent BV in six studies [12, 15, 16, 18, 29, 31] but was associated with incident BV in two studies, [19, 20] one of which found an association with increasing frequency of oral sex. [20] Two incidence studies investigated anal sex activities, one found no association between BV and oral-anal sex, [20] the other found no association with BV and any anal sex activities and incident BV. [29] Receptive oral-anal sex was positively associated with prevalent BV in one study [15] but not in four others. [12, 16, 28, 31] Sharing vaginal sex toys was investigated in six studies and was positively associated with prevalent BV in two studies [15, 18] and incident BV in one study, [19] but this was not the case in other studies. [16, 28, 29] There was no association between BV and receptive digital-vaginal sex [12, 15, 16, 19, 20, 28, 31] or receptive digital-anal sex. [12, 15, 16, 18, 31] A behavioural trial successfully increased glove use for digital sex but did not alter BV persistence. [30] Sexual contact with males did not increase the odds of prevalent BV or risk of BV acquisition in WSW. Five of seven studies that investigated this factor found no association between BV and number of lifetime [15, 16, 31] or recent MSPs, [20, 31] and one study of African-American WSW found that BV prevalence was lower in women reporting one lifetime MSP than women reporting >1 lifetime MSPs. [28] BV in female sexual partners Five studies examined the association between BV and having a female partner concurrently diagnosed with BV by Amsel criteria [13] or Nugent score. [12, 14, 15, 19] All showed positive associations with BV prevalence and incidence. BV was less reliably associated with self-report of a female partner's BV than with a partner's BV diagnosed using an established method. Whilst history of a partner with BV was positively associated with prevalent BV [18] and selfreport of a partner with BV symptoms was positively associated with BV prevalence [12] and incidence [19] , Marrazzo and colleagues found no association between self-report of a partner with BV and BV prevalence [20] or persistence, [29] once adjusting for other factors.
BV-associated bacteria
Five studies examined the association between BV and vaginal bacterial species by molecular methods. [15, 20, 27, 29, 32] Bacteria positively associated with BV in WSW included G.vaginalis, [15, 32] A. vaginae, [20, 32] Megasphera type I, [32] U.urealyticum, [15] Prevotella spp. [15] , coagulase-negative staphylococci, [15] anaerobic gram-positive cocci, [15] and gram-negative rods. [15] One study found BVAB3 and P.lacrimalis were associated with persistent BV. [29] Women with vaginal or rectal colonisation with L.gasseri were more likely to have prevalent BV [27] but women with L.crispatus at baseline were less likely to develop BV over the next 12 months. [20] Fethers et al [32] included WSM, but found detection of Megasphera I was associated with BV in WSW. Table 4 displays the assessment tools. Table 5 displays the results for reviewed papers. Inclusion criteria were described in 12 studies, [12] [13] [14] [15] [18] [19] [20] [27] [28] [29] [30] 32] and six described exclusion criteria. [12] [13] [14] 19, 30, 32] Recent female sexual contact was an inclusion criterion in 10 studies. Table 4 . Method for assessment of internal and statistical validity of studies included for review. Some criteria not applicable depending on study design, these boxes left blank in Table 5 .
Assessment of bias
Bias
Criteria Symbol in Table 5 Selection bias Inclusion and exclusion criteria Described ✓
Not described X
Site of recruitment Described ✓
Not described X FSP contact for WSW definition
Sexual contact with FSP within a specific time frame required for inclusion/ characterisation as WSW [12, 15, [18] [19] [20] [27] [28] [29] [30] 32] Others recruited women with any lifetime female sexual contact, [13] self-identifying WSW [14] or from a lesbian/ bisexual health clinic. [16, 31] Confounding was adjusted for in 10 studies. [12, 14, 15, [18] [19] [20] 28, [30] [31] [32] One study investigating BV persistence adjusted for treatment non-adherence but small participant numbers precluded multivariate analyses. [29] Three studies did not analyse confounders. [13, 16, 27] A longitudinal cohort study and RCT reported sample size calculations; [19, 30] one prospective cohort study did not report sample size calculations. [18] Discussion To our knowledge, this is the first systematic review of risk factors associated with BV in women who have sex with women. In this population, we found that prevalent and incident BV were associated with increased number of lifetime and recent FSPs and having a female partner with confirmed BV. However, unlike studies in WSM, no association between BV and ethnicity, vaginal douching or hormonal contraception was found. The association between BV and exposure to increased numbers of female partners and a female partner with BV together with a high concordance of BV between female sexual partners in published studies supports the concept that BV is likely sexually transmitted between women. These findings further support a previous meta-analysis that showed that having a FSP is associated with a 2-fold increased risk of BV. [11] Our review indicates that among women with female partners, the presence of BV in one's partner was consistently associated with BV in the index. This association was most robust when the partner's BV was diagnosed using an established method, rather than reliance on self-report of a partner's BV history or symptoms, which may be inaccurate as BV knowledge is often low, even in high-risk groups. [33] Increased number of recent and lifetime FSPs were positively associated with prevalent and incident BV in WSW but among WSW who also had sex with men, there was no association between increased number of recent and lifetime male partners and BV. If BV is transmitted between women, the association between BV and increased numbers of FSPs may reflect the high probability of encountering BV in a new partnership drawn from a population with relatively high overall prevalence estimates (25-50%). By comparison, one cohort study found a greatly reduced risk of BV acquisition for women who were both BV negative at enrolment and remained in that relationship over two years. [19] Importantly, no specific sexual activities were consistently associated with BV in WSW in this review, however some studies demonstrate an increased risk of BV acquisition with increasing frequency of sexual contact. This may be due to the ubiquitous nature of many sexual practices and the rarity with which sexual behaviours occur in isolation.
Many BVAB identified in WSW are also associated with BV in WSM, [32, 34] however some differences may exist in the composition of the vaginal bacterial communities between WSW and WSM. One study found that Megasphera I detection was particularly sensitive for the diagnosis of BV (by Nugent criteria) in WSW. [32] Others have found that BV-positive WSW have higher levels of Prevotella spp. and lower vaginal bacterial diversity compared to WSM. [35] Overall there are comparatively fewer studies examining the vaginal microbiota in WSW compared to studies in WSM.
BV was not associated with age, ethnicity, vaginal douching or hormonal contraceptive use in WSW. Studies of WSM demonstrate reduced risk of prevalent, incident and recurrent BV in women using hormonal contraception, [36] and increased risk of BV in WSM that douche, [37, 38] but the low rates of these practises in WSW enrolled in the included studies may have limited the power of included studies to detect any association with BV. The observation that BV was not associated with ethnicity in WSW but was in WSM may indicate that it is not an independent risk factor, but confounded by unmeasured sexual risk.
BV was inconsistently associated with smoking despite it being a risk factor in WSM. [39] Rates of smoking in WSW are generally high, [40] and may be correlated with other factors, [19] which could have limited our ability to examine the effect of smoking as an independent risk factor for BV. Similarly, the association between stage in the menstrual cycle and BV in WSW was also inconclusive. Studies of WSM suggest that BV is more common in the first 7 days of the menstrual cycle. [41] However, few studies investigated this variable in WSW, limiting our ability to assess associations.
This review has a number of limitations to be considered. We may have omitted relevant results by limiting our search to English language publications and by limiting inclusion to published, peer-reviewed papers to control for quality, we may have omitted otherwise relevant conference abstracts and other non-peer reviewed literature. All studies were undertaken in high income countries: the USA, UK and Australia and most studies investigated predominantly Caucasian populations, [14] [15] [16] 18, 20, 27, [29] [30] [31] which may limit the generalizability of our findings to WSW in the broader community and other countries. Despite the high prevalence estimates of BV in WSW, few studies have investigated BV in this population. Although we endeavoured to include all eligible published literature, several research groups dominated publications, and our findings may therefore have placed undue importance on the findings of these groups.
A strength of this review is the broad assessment of studies' potential biases. In particular, we considered studies' definition of 'WSW' in assessing potential selection bias. Despite the variety of ways to define sexuality, sexual activities with partners of a specific sex may provide the most relevant definition for studies investigating sexual risk factors for disease. Studies that recruited self-identifying WSW or women attending lesbian/bisexual health clinics may involve women who identify as lesbian or bisexual but have no female sexual contact. [40] It is important to consider that WSW with and without male partners may have different epidemiological risks, not just due to partner's sex but to differences in sexual behaviours, hormonal contraceptive use, lubricants and condom use.
Conclusion
Our systematic review of BV in WSW found evidence that BV among this population is associated with increased number of female partners and having a partner having confirmed BV. These epidemiological data have important implications for our understanding of BV pathogenesis, providing indirect evidence of BV transmission between women and their female partners. These data inform our current clinical management approaches and highlight the need to consider partner screening and treatment in BV-positive women and female partner treatment trials. 
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